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Abstract
Objective—To analyse hospital acquired
infective endocarditis cases with respect
to age, sex, clinical, laboratory, and
echocardiographic features, predisposi-
tion, complications, surgery, mortality,
and diagnostic criteria.
Design—Prospective cohort study.
Setting—Teaching hospital.
Patients—A series of 200 patients with
infective endocarditis presenting over 11
years, 168 with native valve infective endo-
carditis, of whom 22 acquired this infec-
tion in hospital.
Results—22 (14%) of the 168 cases of
native valve infection were hospital ac-
quired. The most common pathogens
were staphylococci (77%). Two thirds of
patients had no cardiac predisposition;
one third had end stage renal disease. The
most common source of infection was
vascular access sites (73%). Eleven pa-
tients died. In 11 cases, infective endocar-
ditis was proven pathologically (six at
necropsy, five during surgery) and analy-
sis of these showed that 45% were classed
as probable by the Beth Israel criteria,
73% as definite by the Duke criteria, and
91% as definite by our suggestedmodifica-
tions of the Duke criteria. Figures for the
11 cases not proven pathologically were
27%, 73%, and 91%, respectively. Five of
the 22 cases (22%) were rejected by the
Beth Israel criteria but none were rejected
by the Duke criteria with or without our
modifications.
Conclusions—Hospital acquired infective
endocarditis is diYcult to diagnose. The
Duke criteria have improved diagnostic
sensitivity and our modifications have
improved it further. Mortality is high but
has been reduced by surgery. This serious
infection could, in many cases, be pre-
vented by improved care of intravascular
lines and prompt removal when obviously
infected.
(Heart 1998;79:442–447)
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Hospital acquired (nosocomial) infective endo-
carditis has been recognised since the 1950s.
Its incidence has increased in parallel with the
advances in invasive procedures, especially
venous catheterisation. The mortality of noso-
comial endocarditis remains high and its early
recognition diYcult. We analysed 22 cases pre-
senting to our hospital over 11 years to
ascertain how these infections arose, and to

judge them by the Beth Israel criteria,1 the
Duke criteria,2 and our modifications of the
Duke criteria.3 This is the first time that the
newly proposed criteria have been applied spe-
cifically to this group of patients.

Methods
Cases of infective endocarditis presenting to St
Thomas’s Hospital, London, between 1985
and 1996 were analysed. Since 1970 prospec-
tive records of all patients with bacteraemia
have been kept in the department of microbiol-
ogy, constituting a large computerised dataset.
St Thomas’s is an inner city hospital with 800
beds serving the local community as well as
receiving referrals from district general hospi-
tals, mainly in the southeast of England.
Hospital acquired infective endocarditis has
been defined as infective endocarditis occur-
ring more than 72 hours after admission to
hospital or directly related to a procedure per-
formed in hospital within the preceding six
months of admission. No cases involving pros-
thetic valves were included. During the study
period there were 14 cases of hospital acquired,
early onset prosthetic valve endocarditis but
these infections were all acquired during valve
surgery and their pathogenesis is well known
and diVers from that of hospital acquired native
valve infection. There were no cases of late
onset prosthetic valve endocarditis. All cases of
hospital acquired infective endocarditis had
positive blood cultures, or positive microscopy
or culture of the excised valve material. Data
were analysed with respect to age, sex, clinical,
laboratory and echocardiographic features,
predisposing heart disease or other conditions,
complications, surgery, and mortality. Cases
were analysed by criteria proposed by Durack
et al (the Duke criteria)2 and by those proposed
by von Reyn et al (the Beth Israel criteria).1 The
Beth Israel criteria rely on pathological evi-
dence from surgery or necropsy for a definite
diagnosis of infective endocarditis and does not
include echocardiographic findings. These cri-
teria have been superseded by the Duke crite-
ria that enable a definite diagnosis of infective
endocarditis to be made either on pathological
or clinical criteria. The two main clinical crite-
ria are microbiological (positive blood cultures,
particularly, though not exclusively, with an
organism typical of infective endocarditis such
as a viridans streptococcus or community
acquired Staphylococcus aureus) and echocar-
diographic. Minor clinical criteria include pre-
disposing cardiac condition, intravenous drug
abuse, fever, and vascular and immunological
phenomena. We recently proposed additional
minor criteria to the Duke criteria and these
have increased diagnostic sensitivity.3
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PROPOSED ADDITIONAL MINOR CRITERIA TO THE

DUKE CLASSIFICATION

+ Newly diagnosed splenomegaly
+ Newly diagnosed clubbing
+ Splinter haemorrhages
+ Petechiae
+ High erythrocyte sedimentation rate (ESR),
defined as more than 1.5 times the upper
limit of normal (> 30 mm in the first hour
for patients younger than 60 years and
> 50 mm in the first hour for those older
than 6011)

+ High C reactive protein (CRP), defined as
> 100 mg/l11

+ Microscopic haematuria (disregarded when
there was a positive urine culture, in
menstruating women, patients with end
stage renal disease, urinary catheters or uro-
logical disease)

+ Central non-feeding venous lines
+ Peripheral venous lines.

Pathological evidence for infective endocar-
ditis was based on appearances of valves at sur-
gery or necropsy,4 and microscopy and culture
of valve material or embolic lesions, or
histology. Results are expressed as mean (SD)
or as percentages.

Results
There were 200 episodes of infective endocar-
ditis, of which 162 were native valve infections;
of these 22 (14%) were hospital acquired (fig
1). In 1985, one of 16 cases of infective endo-
carditis was hospital acquired, compared with
seven of 32 cases in 1995. The increased inci-
dence of infective endocarditis probably re-
flects the increasing number of patients re-
ferred to St Thomas’s for surgery.
The incidence of hospital acquired bacterae-

mia also increased over the study period: in
1985 there were 155 cases of which 23% were
associated with infected intravenous access
sites, and in 1995 there were 310 cases of which
54% were associated with infected intravenous
access sites. Therefore, there has been a
doubling of both the incidence of hospital
acquired bacteraemia and the proportion
caused by infected intravenous access sites.
Table 1 shows details of the 22 cases of hos-

pital acquired infective endocarditis. There
were 16 male (mean (SD) age 51.4 (25.5)
years) and six female (aged 56.3 (28.5) years)
patients, ranging in age from three weeks to 80
years. Twelve patients were 60 years or older
and three were six months or younger. In two
patients infective endocarditis was diagnosed
only at necropsy. Although St Thomas’s
Hospital is a tertiary referral centre, only six of
the 22 cases were patients referred (already
infected) from another hospital.

Figure 1 Annual incidence of infective endocarditis in St Thomas’s Hospital 1985–95.
Filled areas are hospital acquired cases.
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Table 1 Details of 22 patients with hospital acquired infective endocarditis

Case Sex/age Organism Valve
Cardiac
predisposition Source of organism Underlying illness Echocardiography Surgery Outcome

1 F/56 S aureus M None Arteriovenous fistula Renal failure TOE,minor MVR Survived
2 M/68 MRSA M None Sternal wound (4 weeks) Coronary heart

disease
Not done No Died

3 M/77 MRSA T None IV cannulae (1 week) None TTE, veg TVR Survived
4 M/38 MRSA M None TPN line (2 weeks) Appendectomy TTE, veg MVR Survived
5 M/72 MRSA M None IV cannulae* Erythroderma Not done No Died
6 M/37 S aureus T VSD, previous IE Arteriovenous fistula Renal failure TTE, NAD No Survived
7 M/58 S aureus A Bicuspid AV Angioplasty (3 weeks) Coronary heart

disease
TTE, veg/AR AVR Survived

8 M/63 S aureus M None Laminectomy wound (2 weeks) None Not done No Died
9 M/31 S aureus T None Hickman line (6 months) AIDS TTE, NAD No Survived
10 M/35 S aureus T None Central line (3 days) Renal failure Not done No Survived
11 M/78 S aureus M None Wound (6 weeks) Melanoma TTE, MR No Died
12 M/70 S aureus ? None IV cannulae* (2 weeks) Renal failure TTE, NAD No Died
13 F/64 S aureus A AR Central line (3 days) Renal failure TTE, veg No Died
14 M/60 Ent faecalis A None Cystectomy (3 weeks) Bladder cancer TOE, veg AVR

MV repair
Survived

15 F/74 Ent faecalis M MS Cystoscopy (6 weeks) Renal calculi TOE, veg No Survived
16 F/3 weeks C albicans T PDA TPN line (2 weeks) Prematurity TTE, veg No Died
17 M/3 weeks C albicans T None TPN line (2 weeks) Prematurity TTE, veg No Died
18 M/6 months C albicans T None Hickman TPN line (2 months) Jejunal atresia TTE, TR No Died
19 F/68 S epidermidis A MR Permacath Renal failure TOE, abscess AVR Survived
20 M/54 S epidermidis M None Central line Renal failure TTE, minor No Died
21 M/80 S epidermidis A Bicuspid AV IV cannulae* (3 weeks) Bladder cancer TTE, veg No Died
22 F/76 S epidermidis A None Central line (3 months) Polya gastrectomy TTE, veg No Survived

*Peripheral.
MRSA, methicillin resistant S aureus; M, mitral; A, aortic; T, tricuspid; ?, not known; AR, MR, TR, aortic, mitral, tricuspid regurgitation; PDA, persistent ductus
arteriosus; VSD, ventricular septal defect; IE, infective endocarditis; IV, intravenous; TPN, total parenteral nutrition; AV, arteriovenous; TTE, TOE, transthoracic,
transoesophageal echocardiography; veg, vegetation; NAD, no abnormality detected; MV, mitral valve; AVR, TVR, MVR, aortic, tricuspid, mitral valve replacement.
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CAUSATIVE ORGANISMS

Seventeen of 22 cases were caused by staphylo-
cocci (S aureus 13 cases, S epidermidis four
cases). Four of the 13 isolates of S aureus were
methicillin resistant (MRSA). The three Can-
dida albicans infections occurred in children
younger than six months. Table 2 shows the
absolute numbers of hospital acquired bacter-
aemia and of hospital acquired endocarditis
over the 11 year study period, and the causative
organisms.

VALVES AFFECTED

The mitral valve was aVected in eight patients,
the aortic in six, and the tricuspid in seven. In
one patient the aVected valve could not be
determined.

PREDISPOSING HEART DISEASE OR OTHER

CONDITIONS

Fifteen of 22 patients had no intrinsic predis-
posing heart disease; table 1 shows the
conditions present in the other seven patients.
Seventeen of the 22 cases had a vascular
non-cardiac predisposition: 10 central
intravenous catheters (four feeding lines), six
peripheral intravenous cannulae, and four
arteriovenous fistulae.

MODE OF ACQUISITION OF INFECTIVE

ENDOCARDITIS

Infection of vascular access sites accounted for
most cases. Other sources of infection were the
urinary tract and wounds (table 1). The same
strain of S aureus was isolated from sites other
than blood in six of 13 cases of infective endo-
carditis (line tips four cases, wounds two
cases), and in two of the three cases of C
albicans infection (both line tips).

UNDERLYING ILLNESS

Six patients had end stage renal disease and
were on haemodialysis. Two were premature
babies (25 and 31 weeks’ gestation, respec-
tively). The six month old baby boy with
jejunal atresia had been on total parenteral
nutrition since birth and had had a Hickman
line inserted two months before his infection.

CLINICAL FEATURES

Table 3 shows the clinical feature of the 22
patients; splenomegaly, Osler’s nodes, Janeway
lesions, and Roth’s spots were not seen.

ECHOCARDIOGRAPHIC FEATURES

Transthoracic echocardiography was per-
formed in 18 patients: vegetations were de-
tected in eight, new valvar regurgitation in two,
and valve thickening in one. Transthoracic

echocardiography was not helpful in the other
seven patients, four of whom had trans-
oesophageal echocardiography: two had
vegetations, one an abscess, and one a
perforated valve leaflet. Thus, major echocar-
diographic criteria2 were detected in 56% of
transthoracic echocardiograms and minor
echocardiographic criteria2 in 6%.

LABORATORY FEATURES

Haemoglobin concentrations and leucocyte
counts were not analysed because of confound-
ing factors including recent surgery and
underlying illnesses. ESR was determined for
eight patients and was high in seven (41–
150 mm in the first hour). CRP concentrations
measured in five patients were 65, 100, 111,
125, and 297 mg/l. Urine microscopy was per-
formed in 16 patients but 11 were excluded
from analysis (end stage renal disease, two
patients; positive urine cultures, two; renal
stones, one; and carcinoma of the bladder,
two). Microscopic haematuria was detected in
four of the other five patients.

COMPLICATIONS AND MORTALITY

Table 4 shows the complications and table 1
the mortality of the 22 patients. The six
patients who had valve replacement surgery all
survived, but 11 of the 16 who did not have
surgery died. Three children with C albicans
infection and six elderly patients with S aureus
died. Three of the five patients who survived
without surgery were in their 30s and had S
aureus infective endocarditis of the tricuspid
valve.

DIAGNOSTIC CRITERIA

Table 5 shows the clinical assessment of the
cases. The 11 pathologically proven cases were
assessed using the clinical criteria to test the

Table 2 Hospital acquired bacteraemia (n = 2514) and
endocarditis (n = 22)

Bacteria causing endocarditis
Episodes of
bacteraemia

Episodes of
endocarditis

S aureus (not MRSA) 402 9 (2%)
MRSA 47 4 (8.5%)
Coagulase negative staphylococci 376 4 (1%)
Enterococci 195 2 (1%)
Candida spp 60 3 (5%)

MRSA, methicillin resistant S aureus.

Table 3 Clinical features of 22 patients with hospital
acquired infective endocarditis

Clinical feature Number (%)

Fever
> 38.9°C 10 (45)
38–38.9°C 10 (45)
< 38°C 1 (5)
Not known 1 (5)

Malaise 8 (36)
Anorexia 1 (5)
Chills 3 (14)
Weight loss 2 (9)
Night sweats 1 (5)
Back pain 2 (9)
Non-specific vascular phenomena* 4 (18)
Clubbing 1 (5)
New regurgitant murmur 7 (32)
Dyspnoea 4 (18)
Pleuritic chest pain 2 (9)
Change in mental state 5 (23)

*Includes rashes, petechiae, and splinter haemorrhages.

Table 4 Complications in 22 cases of hospital acquired
infective endocarditis

Complication Number (%)

Persistent fever 6 (27)
Brain abscess/emboli 5 (23)
Heart failure 4 (18)
Septic pulmonary emboli 4 (18)
Valvar/myocardial abscess 2 (9)
Splenic abscess 3 (14)
Renal failure (dialysis necessary) 1 (5)
None of the above 3 (14)
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diVerent diagnostic criteria. The diagnosis of
definite infective endocarditis by the Duke cri-
teria was made on the basis of two major crite-
ria in three of eight cases in the pathologically
proven group, and in six of eight cases in the
non-pathologically proven group. No definite
diagnosis was made on the basis of five minor
criteria. Our suggested modifications3 up-
graded four possible cases of infective endo-
carditis as defined by the Duke criteria to defi-
nite: by adding one minor criterion to one
major and two minor in three cases; and by
adding two minor criteria to one major and
one minor in another case. No cases were
rejected by the Duke criteria or by our modifi-
cations, but five cases were rejected by the
Beth Israel criteria.

Discussion
The reported incidence of hospital acquired
infective endocarditis ranges from 13–17% of
episodes of infective endocarditis in series that
included early prosthetic infective endo-
carditis,5–7 and from 9.3–20% in those that
included only native valves.8 9 Our incidence of
14% included only native valves. Hospital
acquired infective endocarditis has increased
sevenfold over the past 11 years in our
institution.
In common with other series5–7 9 the most

common pathogen was S aureus, which ac-
counted for over half the cases. One third of the
S aureus isolates were MRSA, a similar
incidence to that reported by Chen and
colleagues7; however, Fernandez-Guerrero and
colleagues9 had noMRSA in their series. In our
institution, over the 11 year period, 3% of
patients with S aureus hospital acquired bacter-
aemia and 8.5% with MRSA bacteraemia had
hospital acquired infective endocarditis
(p = 0.037, Fisher’s test), which is an interest-
ing observation as MRSA bacteraemia may be
an indirect marker of prolonged hospitalisation
and antibiotic use.
Coagulase negative staphylococci are well

recognised pathogens in venous access
infections, and the reported incidence of these
organisms in hospital acquired infective
endocarditis ranges from 3–7%,5 7 9 although it
is inexplicably high (64%) in the series
reported by Terpennning et al.6 Only 1% of
our cases of hospital acquired bacteraemia
with coagulase negative staphylococci had
endocarditis.

Enterococci caused 9% of our cases; in other
series they were responsible for 10–30% of
cases.5–9 None of our isolates was resistant to
vancomycin or showed high level gentamicin
resistance. In the study period, 195 episodes of
hospital acquired bacteraemia were caused by
enterococci; therefore, endocarditis occurred
in 1% of cases, a similar finding to that
reported by Maki and Agger.10

C albicans was the only organism isolated in
the paediatric cases in this series, and was asso-
ciated with central feeding lines in all three
cases. This has been noted in a recent paediat-
ric series11 in which six of 13 cases of hospital
acquired infective endocarditis were caused by
C albicans.
We have expanded the non-cardiac predis-

positions for infective endocarditis as defined
by Durack12 (central feeding lines and arterio-
venous fistulae) to include central non-feeding
lines and peripheral cannulae. In common
with other series,6 7 9 two thirds (15 of 22) of
our patients had no intrinsic cardiac predispo-
sition for infective endocarditis, and of these
15 patients, 10 acquired infective endocarditis
by infected venous access (central feeding line,
three; central non-feeding line, four; periph-
eral line, two; arteriovenous fistula, two). Cen-
tral intravenous catheters are known to
damage normal endothelium in an experimen-
tal model13 by facilitating bacterial adhesion
from local seeding or, less often, from distant
bacteraemia. This is also likely to occur in man
and has been noted in several reports.14–17

Central intravenous catheterisation was re-
sponsible for infective endocarditis in 10 of
our 22 cases, and only four of these catheters
were for total parenteral nutrition. Interest-
ingly, there were no cases related to pulmonary
catheters. The reported incidence of nosoco-
mial infective endocarditis associated with
central intravenous catheters ranged from
9.1–48%5–7 9 but vascular access is not men-
tioned in the earliest paper on hospital
acquired infective endocarditis.8 In that series
of 17 cases of necropsy proved, hospital
acquired infective endocarditis, the infection
was thought to have resulted from surgical
wounds (gastric and genitourinary in 11 cases)
and genitourinary instrumentation (12 cases).
Peripheral intravenous cannulation was widely
practised at that time18 19 but it does not seem
to have been recognised as a portal of entry for
such infections. Peripheral intravenous cath-
eters accounted for 6–22.7% of cases of noso-
comial infective endocarditis in reported
series5–8 and for 18% of our cases. Although, in
general, peripheral catheters are associated
with lower infection risks than central
catheters,20 the number of peripheral cannulae
far exceeds that of central ones, their place-
ment may be hasty and done by inexperienced
medical personnel, and their care may be sub-
optimal; not surprisingly, local infection is
common.
Infective endocarditis has long been recog-

nised as a complication of maintenance
haemodialysis,21–23 and has been reported in
patients with arteriovenous fistulae (with or
without prosthetic grafts). Arteriovenous

Table 5 Clinical assessment of 22 cases of hospital acquired infective endocarditis

Criteria/clinical assessment
Pathologically proven
(n = 11)

Not pathologically
proven (n = 11) Total (n = 22)

Beth Israel
Probable 5 (45%) 3 (27%) 8 (36%)
Possible 2 7 9 (41%)
Rejected 4 1 5 (23%)

Duke
Definite 8 (73%) 8 (73%) 16 (73%)
Possible 3 3 6 (27%)
Rejected 0 0 0

Duke with modifications
Definite 10 (91%) 10 (91%) 20 (91%)
Possible 1 1 2 (9%)
Rejected 0 0 0
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fistulae seldom show overt signs of infection
when bacteraemia is detected, and the repeti-
tive needling of the skin/fistula is probably the
main risk factor in these patients. They are
also often subject to frequent hospital admis-
sions where peripheral and central venous
catheters are inserted, and they may be
dialysed via devices such as the Permacath
while their recently constructed fistula “ma-
tures”. It is not surprising that seven of our 22
patients had end stage renal disease and all
acquired infective endocarditis by venous
access.
Nearly half of our patients presented with

high grade fever but only one third had new
regurgitant murmurs. This may reflect the pre-
dominance of S aureus in hospital acquired
infective endocarditis, and has been described
previously.5–9 24 25 This may also explain the
neurological presentation in 25% of our
cases.24–27 In patients who are already ill, these
features should raise the possibility of endocar-
ditis if no other focus of infection is recognis-
able and if signs of infection persist, particu-
larly with repeatedly positive blood cultures.
Non-specific vascular phenomena, although
not included in the Duke criteria,2 were
detected in four of our cases and, in conjunc-
tion with other features, may be a further clue
to diagnosis.
Persistent fever was the most common

complication in our patients with hospital
acquired infective endocarditis, surpassing
heart failure. Septic cerebral emboli occurred
in five of our cases; Guze and Pearson8

reported a 12% incidence of “cerebrovascular
events” and Chen and colleagues7 a 67% inci-
dence of neurological complications. Septic
pulmonary emboli reflected tricuspid involve-
ment mostly related to central intravenous
cannulation.
Mortality of hospital acquired infective

endocarditis was 100% in the first published
series8 when cardiac surgery was not available.
It still remains high although all six patients in
our series who had surgery survived, whereas
11 of the 16 who did not have surgery died.
The overall mortality was 50% and was directly
related to infective endocarditis. Reported
mortality related to the disease ranges from
40–54.5% in recent series.5–7 9

It has been shown previously that the Beth
Israel criteria have a lower sensitivity than the
Duke criteria for the diagnosis of infective
endocarditis2 28–30; we have confirmed this for
prosthetic and native valve endocarditis ana-
lysed separately.3 In the clinical assessment of
hospital acquired infective endocarditis, the
Duke criteria diagnosed 73% of both patho-
logically proved and non-pathologically proved
infective endocarditis as definite; our modifica-
tions increased this diagnostic yield to 91% for
both groups. The Beth Israel criteria per-
formed poorly with 45% and 21% probable
diagnoses, respectively, and most importantly,
they rejected five of the 22 cases while none
were rejected by the Duke criteria or by our
modifications.
None of the recent series of hospital

acquired infective endocarditis analysed the

echocardiographic aspects of the infection.
Major echocardiographic criteria were de-
tected in 56% of the transthoracic echocard-
iographies performed in our series, which
compares with 66% for native and 44% for
prosthetic valve endocarditis.3

Hospital acquired bacteraemia has
increased dramatically in the past decade with
a parallel increase in hospital acquired
infective endocarditis. Vascular access site
infection is the main cause of both. Prevention
of these infections involves educating medical
and nursing staV in the placement and care of
all catheters, and the close inspection of the
skin entry site with the prompt removal of the
device when infection is detected. We do not
consider that there is any need for prophylac-
tic antibiotics in the prevention of intravenous
access site infections. In fact, the use of
prophylactic antibiotics may encourage
infection with more resistant organisms.
Hospital acquired infective endocarditis is
difficult to diagnose but the Duke criteria
have improved diagnostic sensitivity compared
with the Beth Israel criteria, and our modifica-
tions have improved it further. Mortality
remains high but has been greatly improved by
surgery.
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